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Jonca Bull, MD 
Acting Director, Division of Anti-Infhunmatory, Analgesic 
And Ophthalmic Drug Products 
Of&e of Drug Evaluation V 
Center for Drug Evaluation and Research _ 
Food and Drug Admiitration 

, 

Attention: Document Cpntroi Room 
9201 Corporate Boulevard HFD-550 
Rockviile, MD 20857 

Re: NDA # 13-217/S-036 SKJJLM (mtttaxolone) Tablets 400 mg 

Dear Dr. Bull, 

This communication is a follow-on to our @ter of February 16 2001 in which we stated , - r,,. , r*‘;L ,.., 
that we would be providing the Agency with data th&,was, .t& bi&&s fbi cur conclusion -’ d.---’ -**-. ----gucf,‘~ti*~.~~~ ,i;i*<.;,)-l”+F “* 
that there is no correlation be~c@ the, in vitro dissolution profile of metaxolone tablet preparatio. and their co~espondi.g in -.-.;=--&y+yr&$c profilesa 

In the first document, “Determination of the drug substance equilibrium solubility 
classification of metaxolone under physiological pH conditions”; we provide data on the .- .._ _.\ 
equilibrium aqueous solubility of metaxolone, the active ingredient in SKELAXM*as 
determined according to the FDA Guidance document entitled ‘fN!aizer of in viva 
bioavailability and bioequivalencc studies for immediate-release solid or%&&& for&&’ .‘ -., ‘ii ~YruF-i~ 2._,sil‘ ,^c”h +“-.cLz. _, . ._ 
based on a Biopharmaccutics Class~ficat~pn System” (August 2000). 

_ 

The results of thisstudy clearly demonstrate that metaxolone is c!a#ied asa low ..,, r.. <.r.,...,, 
solubility drug. 

. . 

In the second document, “Bioavailability of me@xooone formulations Q assessed by - (I.-- . . . ..^C..-.R.Alr ..ir-Lu*,.,* < it 
vitro dissolution compared to in viva pharmacokinetic profiles’* we provide the results of 
our preliminary investigation into the in vitro di.@utim profiles of two different tablet 
formulations of metaxolone compared to SKELAXIN*, together with their corresponding 
in vivo pharmacokinetic profiles. 
The results clearly show that there is not acorrelation between the in vitrq dissolution ._) \ ._. I ,. I ,.., ., 
profile of differcut tablet fcrmul+tions of metaxolone and &c’in‘~&~$&%a&&t!~’ . ’ ’ 
profile. 

J-L- . . I ._ u-i.“> I ../ :. “I _.._ ,~ ^,., _. ..( .(L . . . _ _ . _ .^ _ 

Elan Pharmaceuticals 
a member of the Elm Group 
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. . -  . _ _____ . .  - -me- . - - - - - - -  , . __  _  _  - _  . , . . .  . -  .  .  .  .  .  .  .  I  . -_ - . . .  - . - ,  _  .  - . -  . __ . , __  _ . _ _ _ ___ -  _ _ _ .  - -  . ._ .__ . - .  

It was  b a sed  u p o n  th e  fin d i ngs  fkom  th ese  two i nve@ a i i ons  th a t W e  have  conCu r r ed  wi th -  - _ _ . A _  .._  th e  Agency  th a t it is impo r ta n t fo r  o uBdves , as  d i e  & & i& i C o m p a n y  ,... i l ,,_ ._ ... - _ . . .._  
o E IE E & X W  i._ b  ..,*-_a * . ,,. ..,, I -  ., 

p r ov i&  to  th e  Agency , a  m o r e  d+a i l d  i n  vitro  d isso lu t ion  p r b fiIe  fo r  th e  ta bk t .. 
p r e sen t& i on  th a t m o r e  c lear ly  d e fin es  th e  p r oduc t F G thb r  & @ p o r t ive ditt;i to  th is  e & t 
wi l l  b e  p r ov i ded  fo r  th e  A gency’s rev i ew in  thk ti F iske. -  ” 

P l ease  fee l  f& e  to  c on tac t m e  a t ( 650 )  5 5 3 - 7 1 8 7  if y ou  r equ i r e  fu r th e r  in form a tio n  o r  
c lar i f icat ion a t th is  stage.  

S incere ly ,  

M ichae l  C . Sca i fe ,  P h .D., 
V ice  P res ident ,  R e g u l a to ry  A fW s 

Desk  Cop i es :  

E . Denn i s  B a s h a w , P h a x m .D., 
S h a r o n  S c h m i d t, M S  
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A B S T R q C T  

T h e  A n a l y t ical S & m , ._ Q e p a r tm e n t 6 f E lan  P h a r m ~ c e u @ c+l.  Techno log ies  w a s  I . ,“/, <  ._ l ~ ..(~ ~ . 
r e q u e s te d  to  d e m & p - @ g-g.u i l ib r ium a q u e o u s  sslubi l i i  o f M e ta x a l o n e , th e  act ive 
p h a r m a c e u tical In g r e d i e n tJA P l) m  S k e l a x W E ? .T& & ? ~ , tin d e r  phys io@ iil p H  condi i .  
T h e  ob jec t ive  o f th is  s tudy w a s  to  d e te m & & &  @ & @ ty c lassi f icat ion o f M e t@ @ olf?. 3s  
it re la tes to  tt+ ~ e  B @ p h a n n a c e u tical Class?i!x! t@ ~  Sys tem ( B C S ) . Equ i l i b r i um .s~ k !~ ~ @ y o f 
M e ta x a fo n e  w a s  d e & n & & d  q t .3 7  O C  in  a  ser ie$$pH/buf fe r  m e d i a  s p a n n i n g  th e  r a n g e  ..,“W  . ..u T 4 ~ ~  = c + . ;.u a w ~ .-l*.~ ~  
f rom p H  1  to  p H  7 .4 . T h e  sclub] l i i  o f M e a o n e ’w & q  fo ~ ,~ - Q .~ ~ .,& fair ly  constant  ove r  
th is  p H  r a n g e  ave rag ing  a b o u t 0 .3 6  m g /m L . B a s e d  o n  @ - ,soM! o f M e taxakx!e,  a @  , 
c o & i e fin g  th e  h ighes t’ d o $ e  s t rength ( 4 0 0 m g )  fo r  S k e l a x i n Q D  Tablets,  M e ta x a l o n e  is 
c lass i f ied as  a  lory  s o & & @ @ ! A P I b a s e d  o n  th e  B W . system. 

2 6 - F e b - 2 0 0 1  e l a n  p h a r m a c e u tical tectj.@ ogies ,  C o n fid e n tia l  
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I. hfmduc~o?l/SWy Objectives 

The Analytical Scien.ces Department of E!,an Pharmaceutical Technologies (EPT) was 
requested to deterlrf?it\e!_.~~e~c@librium aqu&%s‘so~~~~~~‘~~~~.~~~idne, the -actiire 
pharmaceutics! ingredient (API) in SkeWin@ Tab!&, under physiological pH conditions. 
The objective of this study was to determine the sc&.&~~i dassifWim of Meta@lone as “.---e-b ...T.“.--.‘1 ..,.e.,” , 
it relates to the Biopharmaceutical .C@@fication System (BCS). The BCS system is 

_. . . _ ..__ -, 

used to classify an API ba@ on its, a~~solubilii and intestinal permeability 
properties. This study was focused only on evaluating the aqueous solubiljty properties 
of Metaxalone. This vas performed at 37. OC in. a series of pHIbuffer media spanning the 4 .-. ..” .^ 
pH range from pH 1 to pH 7.4. 

The equilibrium aqueous solubility character&tics of .&letaxslone were determi.ned using the FDA .Guidance Document entitled glVaiver 9f In ---~~~‘~~~~~~~~~~~~~.~~~d 
-, _.-. -. .- .A..,-,.-e___ j ;-<G. ‘“- ;;--;:: _ rl..ty..“Y~y .; .-,)-.r.r+.k*c+ceti 

Bioequivaletice SU&l!es for Imm@rate;-kelease Sokd Oral Dosage%%<%%%& cri 3 ^ ’ .-, “, -. . ‘I.-,-,srrxu...au.ruurr-‘rrrn -_ “;Q;Q .5x- k&,+4...~+ #h., _./ _ 
Biopharmaceutics Classification System” (Augu&OO%) as a gurdefine. For expe%liency, a .-‘...C I_ 
modification was made to the experimental procedure recommenc@d .in S&io~n,J!j, ,sub- 
part A of this FDA guidance. This..en_!ailed the use of an ultra-violet spectrophotometric I,, ~---T--L-*..-.*- -..._. 4. *‘.%“,>-.-~.&&2jl)L IL)l&... 
(UV) method in place of a stability-indicating 

-1--1 .- -e.._j.,,. 
HPLC method “Qor the. concerit@on 

determination of .tietaxalone in the . -. .,-- i. . . . . .-_, .,-“rJ..-?I 
Cam&k Laboratones, Inc. Analyt 
dissolution testing of Skelaxin@ Tablets. 

Solubility determinations were conducted in a tote1 of si.x me&a including water, 0.1 M ..I.! -..-.‘--;;r-r4r.~-r,,Ir:.l-r h *, Ye _.,, -. _ :-, i_ &&!h,>,.;r,; .--.. .__ 
HCI, USP simulated gastricfluid without enzymes (SCF), and aqueous%uffG$tit’fiH 3.0, 
6.8 and 7.4. The FDA guidance states !hat the-.n~&~er of pH conditions required to 
accurately define the pH-solubility profile should be hased on the ,icnization 
characteristics of the.APt.. The structure of Met&alone provided in Figure 1 reveals that ^i.%,.L_ --.a., 
there are no 

~~tl~.==.o’,~ W.i.~vc\c -qci ipxa..rl:;s... . _ ._ _ 
ionizable functional groups for @ ie compound: “ThG~ the selected pH ,._ ” _ I\_ 1 . . . . . 

conditions for this study should adequately chaiacteriie-the pH-solubility profile of jhjs 
API. All solubility experiments for this study were conducted at 37 ‘C wit@ solubility .I ̂  . 
determinations made over .-the. course of 25 hours. -. -.- i”$.- ~.- ,- -cr.-.y,.u.-).-‘,_._ I . _ II I..-“.. .I.... e,.,.. ._~._..“,, .r... ,,._ . . .“.. .._~, . . l_. _, ..^ ,-+.*.A,. ._-, L _. 
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2. Experimental ’ 
~. 

2.1. Batch Description For Bulk Metaxa!o,ne API . _ ^ . . 

Technical .infomatk?n ,. _. _ 
(refer to Attachment 2 fo~.Ce?i~~~-ofan~~ysis) 

&l .1. Supplier: Roche 
2.1.2. Batch No.: MHQQ995074 --.%..-A-- ~...-a <. ̂  . - . . .., . . . ,_ _..,. _. F ,, .<._ . . . 
2.1.3. Expiry Date: 29-Aug-2005 
2.1.4. Assay by HPLC (dried substance): 99.6% 
2.15 Sum of Impurities: 0.1% 

2.2. Instrumentation 

2.2.1. pH meter: Beckman-Model 660 
2.2.2. UV Spectrophotoinbter: HP M~~~l.-~453_Q_fio~~~~~~ay UVNis 

f., . . ,, ,* , ../. ..,. 2.2.3. Dissolution,.Apparatus: Distek Model s!.~9.ors~~~~~~~~~pparatus 

2.3. ’ Buffer .Medja Preparations 

The following media were prepared for conducting the solubility experiments. 

26-Feb-2001 elan pharmaceutical technologies, Confidential 



2.3.3 
/ 

2.34 

2.3.5 

2.3.6 

2.3.7 

Potassium Phosphate 0.2 Ilk D&c@?. 2TEg, g of potassium .L _,._“.I 
phosphate monobasic (KH2PO4) in water, and dilute 3&h w&r to 
1000 rnL. 
pH 6.8 Buffer (PotaqtsiumJ&@jjhate): Place 250 mL of 0.2 M 
Potassium phosphate into an appropriate container. &!4 112 mL of ..I.,.. -, ,_.,l”.., .- 
0.2 ‘M Na@j. ~.~em.&d Y&J to 1006 mL Mb< welt.. Mjust .pH if 
necessary to 6.8 f 0.05 %fi~~~~~~~~%~%$f?%@$%%i~ &id. 
pH 7.4 Buffer (Po@$@um Pbospha~~~~~~~~“~~..of .‘i).2 M 
Potassium phosphate i&o ‘an ‘a@ropriate container. Aod 1g6 mL of 
0.2 M NaO!-l. Then add water to’ 1600 ml. Mix well. Adjust pKif ‘r -<, - ‘.?‘.,z*;=y,,-‘,‘; ;-s,--A.I 1 i’+-;-...-t, > ,% 
necessary to 7.4‘;: 6~65*$t~&?NaG~~ or 0 2 ?l Phosphoric acid. ’ .I. ,l.F. .b r,,=p.-l :&pyt2, ~‘.~‘.‘~tc 
pH 3.0 Buffer (Potass?um.!%~sphate): Place 256mL of 6.2 &I .--. - ^---.h.~-..-~-hl -is.“_ 1 
Potassium phosphate into a.n.appropriate container. &?d about,600 

_ _- , 

ml of water. Adjust pH to 3.0 with 0.2 N, Phosphoric acid. Add 
water to 1QOmL. , 
Simul.ated Gas& F&d (USP): Dissohre 2.0 g sodium chloride and -.. ~. .A,,_. ,“‘..,_- 
7.0 mL of con@n&at@ HCL &id sufficient water to make 1066 mL, .^<...^.svsl.- L,..~;:: ,:. I--.^-.. * -... **-ed,._,. n_._ .z.:,...*.. .^, ” 1 .*.- ..k-_ , ,, jl_ ._ 

2.4. Solubility Determination Protocol 

Equilibrium solubility experiments were condu.cted $37, ,:Q- using a dissolution apparatus 
equipped with paddles conforming to USP apparatus 2 spec%titbn~.’ 

.  d 2.4.1 

2.4.2 
2.4.3 

. 

‘. , 

2.4.4. 

Add about .5g of Metaxalone ,hPl- tp 5OO.mL of the aqueous buffer 
contained in a dissolutilQn vessel equi/%&d%@?‘C - 
Start a timer and stir soluti&&%t~l56rpm. 

- -“-,.xb-. .--I . . . . ̂ ^ _.._,.,., _ 

At selected time points (1,2, 16..5 and 25 hours) withdraw a 1OmL 
aliqout and filter throug ti a 0.45 micron nylon syringe’ filter (Gelman 
0.45 micron 25mm Acrodisc) 
Quantitatively-~~ii~~~.~~.af-~~efii~~t~: to 1OmL with methanol and 
mix well. 

..^I. .^ .~ I, ..a ., ?_ .I. : 

2.5. UV Concentration Test Method . . -.- .I.--- ,s.. ,.., . . . ~_ . ‘ _, _,_ ,_ _ , * ..I’“..- . .,,, . . . . -,_ _,, _. _ 

The following is an outline of the,UU procedure used tqdetermine t$a Metaxalone . .\, __?. 
concentration in the various aqueous media. 

L 2 .- ,% _ 

2.5.1. Instrumental: 
Wa.velength: 280nm 
Pathlength: 1 cm 
Diluent: 80% methanol/water ,. . 

2.5.2. Standard Preparations: 

Standard 1.: Weigh about 25mg of Metaxalone API into a 256mL 
volumetric flask. Dissolve with. diluent ,with @king and/or sonication 
and dilute to volumes -~~~~~~~~~~~~~~ti~~~~~ is 0.1 mg/mL ‘_,T, _. 

26Feb:2001 elan pharmaceutical. technotogies, Confidential 



I 

2.5.3. 

2.5.4. 

Standard 5: Dilute ImL of Standard 1. to 25mL with dilutent. Nominal 
concentration is O.O04mg/mL 

.,J “I 

Calculate the solubility of Metaxalqne in. the.medium using the following fOrmUla: ,. -.rL<r-.-:- - ., ._ , 

Solubility in mg/mL = (A smp - Y-int)/m x DF 

Asmp = Absorbance of sample at 280nm 
Y-int = Y-intercept from the standard curve . . *_--.4 
m = Slo@e from the standard curve 

,,.. 
~ -.- --. .-.-s-e. ^.h. _.,_” 

DF = Sample dilution factor (1012 = 5) 
., _, _ _ , ^ ; - 

3. Data/Results 

3.1. Metaxalone UV Calibration, &suits 

Metaxalone standard UV calibration curves were generated for each of the sampling time 
points used.‘~~~~~~~~~~~~~~~~~~~olub~ for this study (I, 2, 16.5 and 25 . * . . . . *I..* -;*y e-* ;A .i(. .._ \ 
hours). In general, the absorbance at 28&m was linear .throughout the standard 
concentration range of O.O04mg/mL to d:im~;~~i~‘-H‘~~~-~~~~.~~~t oalibration 
conducted at the one hour.time point there was a sma@$jount of cuyature at the high 
end of the concentration range: Therefore, for the o.ne .hourtir~~;‘;ij‘iaer “a -I- rd. -.. -w..**“x\,.+j$~*’ _..., ,Irr_. _ .~, 
polynomial fit.of,the Metaxatone standard data was usedrW t%&$ of ,the other standard .<*... ,,.... -- lVI,r., r* ..LS ..c :“‘~~‘,*; ,_., 7/* “r; ,-r&-w “C, -.4,.;:c %&..- _ ,.__; zk‘ ,,L.. :. ~,, 8,. _ .” 
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Table 1 Summaty of Linear R,egression Resqlts &y The &letaxaIone UV 
Response at2tJOnm. 

. ..- ,‘1*,1. ~~:~~.“-w~-+..wn~ ii,.:‘i, __._ ~ j , 

.- _ . . . . ..__ 
7.190959683 4.961573338 4.895655356, 4.82532193 
-$9.7814ji3 NA NA NA 

-,.: 7  

_  

199,6442,6 0.999737996 .--. _ _-____ 1 0.9@.6~%%%$ 0.999675838 
O.Q999$88ti. O.QQti~S&$‘ 1 0.999349414 0.999351782 

0.004291017' 1 0.004718359 0.004642&%'] 

Figure2 Typical Metaxalone StandardCalibration Cuwe(T=lfX HOURS) -, . ..-^-.--_<s r,. T.i.l-..^<..n, ~_. : 2’. .-*.i,I ; , , I , : . .,. _ _ 

015 

Calibration Curve For 14 6.6 Hours 
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_ _-.... 
solubility at 37 *C was achi&&i.’ ifi @II”& medta., $$sed on the strU - ..L -1. ._.. LL :-. . -f_ ~..“sF&4~<~l~~ .I-yqTQ qyp$p+% &a. 
and tt)e &II~QI of any ionizab@ #ur#igfi4 groups on #ie .m$k&$g _.,>, “_,.l 
dependence in @~.solubiMy data was anticipdted. TM,is. supported by the data at, the .25 -*-r,..., .a., 
hour time point which sh-qs #,e @&&@y qnging from 0.34mg/mL to 0.38mglmL in the 
different mqdia. TM- srjiqll d, -(O.O4n)i$;rm”~-tiaX@@i) tin be attributed to. ionic 
strength or surface ten 
phosphate buffers a! 

i<-.%-~.~“*, .**p ,: , / 

results obtained in.the two acidic media (O.MHCI and .SW) were 0.37-0.38 mg/mL . , - . -. .-..“--%r~~~~>~.~~~~ ,j _ 
while in water ?he,qesult was Q37mgImL. ’ I - ^.>. -^ ._ ,,. I 

Table 2 Summary Of Metax;ilo.ne equilibrium Aqueous Ss!.uhi!#y Data At 37 “C 
Between pti 1 And pH 7.4 

f& 0.3158 0.3404 0.3714 0.3736 
ig 0.336i 0.34 0.3543 0.35 0.3737 0.38 6.3760 0 
t 0.3356. 0.3524 0.3768 0.3791 

0.3536 
I 

J 0.3803 0.3827 -.... 
.: 0.3118 0.32 0.3576 0.36 0.3687 0.37 0.3709 0.37 t, 

F 2 0.3166 0.3565 0.3719 0.3742 

0.2925. -1 0.29 1 0.3406 1 0.34 

0.34 
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Metaxalqne Sofu@ility Detetrinination Result From T=? T.q.J=25 HOW ~.-*CILII, .~ _.,_. ,, _I // _/ 

0.5 

0.45 

0.4 

0.35 

0.3 

0.25 

4. Discussiq~ rd 

The results from this study have confkmed the. an$ipated la&of a pH dependence of 
the aqueous sol&i@ o7 kAetax.algne un$er physiological pH conditions. wthi,n the, range 
of pH 1 to pH 7.4 the average solubility determined for Metax,olone w,ss 0,36mg/mL with 
a range of 0.34mg/mL to 0.38mg/mL. 

In order to determIne the solubility classification of Metaxajone aqording to the BCS 
system, it is necessai‘to &%d%;i“&e’\ib;l~:~~ of aqueous medium .su-@$ent to dissolve . . . I. . . ? =,. I--.- A. _. .-.A.... I ,.... .A,r.i*> ,._,. __ 
the highest dose strength of the drug within the,,.pH range of pH 1 to pH 7.5. To be ‘. ” 
classified as highly soluble, the highest doss strength must be soluble in 5 250mL of 
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5. Conclusion 

The e@ibrium solubjlii of Metaxalone API was evaluated .at 37 OC in aqueous 
spanning the range from pH 1 to pH 7.4. 

- -.~Ur,wr---.‘~~llri-rrr~~ q&$@,.>-*~&~ media 
The fql&&g con&hons can~“di’aiifin from 

this study: 
.. _ .L”.- --~...-LX”̂ .C*~-,.-~~~~ _ VY dIC_ (_., 

0 

l 

a 

6. 

] 

7. 

There is no significant pH dependence to t&e_._aqueous solubilii of Metaxa!one ,yp@, 
physiologiil pH conditions @H 1 to pH 7.4) 
The avar&&~sc%ilii of Mehxalone in,thjs pH range is 0.36mgImL. 
Consid&ing the aqueous sol&j!I#y of Metaxa~.~~eq~d~-~~hest dose strength of 
the Skelaxin@ drug .product, M~t~~lone.is.clas~~~.~s a.!ow solubilii drug. - . ~.:-“~~.Y%nJ..~q+g , 

Referenceg 

6.1. Laboratory notebook: WH~-574+159 
6.2. Laboratory notebook: JKS-5771-008 
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Bioavailability of metaxolone form.ulatiorrs,asassesa~d by in 
vitro c4isscWio.n cqmpared to in v&o. pharmacokinetic 
profiles. 

Executive Symm+wy 

! Pharmaceutical equivalents of poorly soluble drugs, such as metaxalone, 
and/or slowly dissolving’ immediate release (IR) solid dosage forms, such as 
Skelaxin, have potential bioequivalence.problems which may be due to 
differences in drug dissolution in-vivo. fn the.absenceV of a~.&d&d.h_sn:vo I I _LI.-“*. .C_L.d_e%_ . 
in vitro correlation, comparability of in-vitro dissolution profiles does not 
indicate in-vivo ,bioequivalence for such products. 

Two studies undertaken to assess th.e in-vivp performance of pharmaceutical - .e-. . v_1 d . .._A ._.. ‘-.A,^” .^.. %‘a._ 
equivalents to Skelaxin confirm,ed the Jack. of predictability of in-vitro 
dissolution. for in-vivo bioav&a.i@y for metaxalone formulation$.. The first .,._ ,, - _ dL+.eA. -.u~..“, _,, 
study evaluated .a tablet formulation (Bf$58JWM~) that released faster. in-@o-.,.. . ..“_L._..W L .ex/_....-* .- 1 _: 
than, Skelaxin, using -a standard dissolution&M for a formulation of a poorly . -...<. . . . . ..e”-- .~..,L.IIII.A...e.I. 
soluble drug (water witli SLS, USP ll@75@m), but had significantly reduced 
bioavailability’coiparod to Skela~~cia...~~~.~~,~-~~,~~dy evaluated a t&let ___ . . 
formulation (8858000~7) that had a slightlyslower dissolution than Ske&&r. ._ ,_ __ _. . -1 _ 
at a couple of timepoints, using the same standard. dis@&on-m-e@& but 
had greatly enhanced bioavailabifity compared to Skelaxin., Diss~Iu@.n.of __, _. ,. _._ _ ” 
these same formulation$.ue@g lower agitation and,leas,.s~~.~~,~~~?,tound that I.-. . -c-“-I .._. I. _..I_.,,,._ _“.. .1 ., ,. . 
the first formulation (BB5800040) was slower in-vitro.to Skelaxlrn, somewhat 
reflecfing in-&o performance, but the second fo~nnulaticn (BB5800047), 
which showed greatly enhanced bio~avai.labi~ty compared to Skelaxin in-viva, /, ,.Vl... . I 
was similar in terms qfin-vitro performance to Skelaxin. 

These data therefore confirm the lackof predictability of in-vitro dissolution for 
potential in-vivo ,~i~a~,~~~.bii~t~‘andl bioequivalence problems with formulations _ 
of metaxaioneand provides compelling evidence that &r-vitro dies.ok!tion, _. . 
cannot be ~3.~4 9.9 ,$,,q,urrogate for /n-viva performance of pharmaceutical 
equivalents of Skelaxin, ._ ..,_. _._ ._ 

Elan Pharmaceuticals 
a member of.the E!an_C[oup I. I 



Background 
Metaxalone js. a poorly soluble drug (highest dose strength (4OOmg) not 
soluble in 250ml.,aqueous media) and Sk&dn i&a slowly dissollitii I‘R‘soW 
oral dosage form (~85% dissolved in 30 minutes). Pharmaceutical 
equivalents of poorly soluble drug products and/or Slowly dissolving IR 
products have potential bioequivalence problems which may be due to 
differences in drug dissolution in-vivol .In th~-a~-~-~.~-.a-~~~~~af,ita in vivo / --LX--~ ,I-* v-i-w -.“..-I^_ _ .1 
in vitro correlation, comparability of in-vitro dissolution prtifil& d&s not 

,.;___ _.__ j 
. 

indicate in-v*vo bioequivalence for such products. 

In-vitro and in-vivo evalu&io& of Skeiaxin and DhamaC6Utbl 
eauivalents. ’ 

- . ..A L -. . . . . 1.=-.-r* - C‘.~.-.r?r.~)wrrr~s-X~~-~* * .15”1, ,UJ.,.‘i.,ill-. -‘.er.l * w.e. -.^-..9u.+c..lr%e. 

Two studies (summaris.ed_~!ow) were undertaken. to’ as$es$ !h@ .in+f..jo 
performance of.ijharmaceutical equivalents toSk&xin. The d~~&t& _ _ . _. __ . 
method for releaee qf these formulations xqs paddles (USP II) at 75rpm, .-.. d ,.- . . . . ...*ll dI.#.be&Wj. 
using 1 OOOml water with 2% .Sl& in order to ensure sink .conditions. 

Study PP99-466 

Study Desigri 
This study was a two-treatment, two-period crossover study undertaken in 36 
healthy volunteers (38 enrolled, ‘36 completed). A single oral 400mg tablet 
dose of metaxalone (Lot # BB58OOO40) or Skelaxin (Lot # GS639A) was 
-administered Ina:!-andomised manner in each treatnient period. There was a - .*..se.-^,.-.-C1 .--lu..r-.rr”‘..--~,~.~~~~~~~-~--lb., r: 
7day washout between treatments. BIQQ~ SBEples were obtained at 0,0.5, 
1, 1 S, 2,2.5,3,3.5,4, 5,6,8,12, IS, 24, 30,3cj and 48 hours after dosing. 

In-vitro dissolution 
The In-vitro dissolutionjest for release was performed on twelve tadlets of I ^_ ,a, 
metaxalone (Lot # BB,58OO@$O) and Skelaxin (Lot # GS639A) using USP II 
(paddles) at 75rpm. 10OOml of an aqueous med.ia. .*aaining 2% SLS was 
used to ens& the achiev$.rng@.qf,~in.k cgnditigns. Samples were,analysed 1 L 2% ,- Y’voq, .-.p ,*_ 8 *l**- 
at 15, 30,45, -60, $0, 12q, 135 and 15.0. mir@es. Both products were similar 
in terms of potency (nietaxalone Lot #.$II_5~@J@O;i~~~~.~~; Skelaxin Lot # 
GS639A :, 99$%). The dissolution of the test. product (BBSSOOFO) was 
faster than the d.i.~sio~~~~e~of~~~~~~~~ product (Lot # GS639A) at 15,30, 
45 and 60 minutes (Table 1, Figure 1). 
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. Table 4 . 
Dissolution ~f+N.l& tabI& iii’UuSP?f i@ 75rpm, lOOOml2% SLS la.&& .___ ,_ 

(Release Data) 

j iii-ii-- 81 
- 

I 
96-100 163 I 
97-iOl-- - I 98-104 



Table 2 
PhannaccWdc~ l?ar@m~ers T pPQQ-466 . “-I* =. ~--~Teue%-*c. m-w’-,-*--.?.s-. --lxnl;l*Y,l~.+..,.*~ Ufl*l.,l.*.l,.,*‘..^,... 

Parameter Sk&win 
Ratio .- ._ ; . .._. 

885800040 GS639A Mean % cv Range 
. Mean (CV%) Mean (CV%) 

Cmax 51 K(5Q) .‘. 869 (39) ‘.’ 
(Ln)Cmax 425 620 84 68 14-285 

90% Cl 56-85 
AiJC 4365.(K8) - - 5215 (zi’) ~ 

(Ln)AUCt 3932 4784 86 30 37-135 
: 9O%CI 75-90 



Fiiure 2 
conuee--C 
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400 
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Summary 
The in-vitro dissolution of n?et~~~!~~~.._~;~~~8~,~, a pharmaceutically 
equivalent fomu{@ti.gg .to Skelaxlr! was fasman the inyitro dissolutionA . i. -t.s -~^._ .,.,I .,r^r.rrr *.wM..-dx.a-*y-~ *-*w&waw*+. 
Skelaxin Lot # GS6394, ugjng the dissolution method for release, 

‘impel -CL: -k.Zl . . ..n ..,‘ ,.., L ,.,, ?, i *, 

the in-vivo eval.tijon- 
!-lowver, 

Cmax and. A 
dissolution u 

-bua*A.L*e, 

vivo performance for the pharmaceutical equivalents evaluated in this study. 
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study PP3s642 

. .----. - ..-__- I-. _. ___ 

studp Design 
Thk study was a twe&mtignt, two-period crossover study undertaken in 
46, healthy voluotm (46 Ed!@& 46compWd). A+gle oral 4OOmg dose 
of rnetagaloge (Lot # 8858QQQ37) or Skelaxin (Lot #,G@:$@A)tids _. .. 
administered ,@I 3 period. There was a 
M-day washout b iii-a&ifig.gfQ, -015, 
1, 1.5,2,2.5,3,3.5,4,4.5,5,~fk8,12,15,24,30,~ and 48bou.e &x. ,, ,_ 
dosing. 

._ 

The In-vitro dis@utign test for @lea-s performed on .twelve in& of __ ” .- . +. .+ .“,Ad.4*n‘ w+-b.,&;F 
metaxabne_ (LQ~~@&&@OJ$$~) and Skelaxin (Lot i#5 GSlj~~A> .&no IJSP II ’ -‘- - ’ 
(pe&&s) at 75rpm. 1OOOml of an aqueous ni&dia Zf&joing 2% SLS was 
used to en&m&e.@ les were analysed 
at 15,30,45,60,90, dfir&~ti~~~~rn.jl.~~ -_ _ 
in terms of potency (metaxalone Lot #;@BsSQoP_t? ;~.l~Q~~ .; Skelaxin Lot # 
GS639A : 99.9%). iti&’ iii&so!u?iOn of.@e’+t product (BB5&d6Ojl?j‘w&& 
slightly slower than tl?e,d@solution‘of the referen.ce product (Lot ,I# GS639A) at . -.* -- -...-...- .- .^. ._~)“CI, _,).~_, 
45 and 6.9 minutes (Table 3. Figure 3). .*..-,,.. ,-.-,+_ 

Table 3 
Dissolution of pOOmg tablets in USP II @ 75rpm, lOOOml2% SL.S jn.w&&~ 

(Release Data) 

Time Metaxalone .E@@@~Z~,, 1.1 Skelaxin (X839&’ ..’ Y---_-W 1 

Minutes % Di&.‘. % CV“ 1 Range % Diss % CV Range 
-18 



In-vivo pe/fonmnce 

Twenty-four of the foyty-six subjects completing the study are included in the 
analysis. Samples from only 30 subjects were analysed on the sponsor’s 
request. Data for subjects 5-8 tire not include&in ?h.+-?nalysis due to poor 
chromatography and interference a~.dth.~-b~~,~nalysis for subjects 27 and 26 
was, stopped due to a retention .ti-~..s_h_if?,.!~,~~~~lightly slower 
dissolution of mRt~~glgne.lotpared to Skelaxin LX&#.. . .__. _ 
GS6.3qA,‘using the referenced ~~,s@&QII!JJJ&&@~~, the Crriax and 
AUC of this m&x_a[one formu/atron$qe significantly higher than that for + . ,r -< “%,.+a,.“... -.x-v.** . ..dlh...\ , 
Skelaxiri (Table 4, Figure 4). 

Table 4 
Pharmacokinetic Paramejers T l?P99-642 c - +*I-^-..~.* I... ?-, I ,#A I., _ ..,_, -.__ ., . . . . . 

Parameter Metaxalone Skelaxin Ratio 
BBS800040 71” GS639A Mean % cv 

Mean.(CV%) . Mean (CV%) 
Cmax 1798 (37r - .--- 777 (S) I. 

(Ln)Cmax 1669 721 250 43 
90% Cl 202-266 _ 

AUC 8x3‘8 - ‘.. 5672 
(Ln)AUCt 7420 5162 151 49 

9O%CI 129-161 
AUCinf 8223 5956 ’ (Ln)AUCinf 7518 5453 ‘“i& 45 

_ _ 
90% Cl 124-154 
Tmax -. 3 3 
1112 2 8 

“’ 

I Range 

81-228 
I 

. 
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Fiiirre 4 
; . . . . . 

The in-vitro dissolution ofn?$@!on@.Lot,# BB58QOQ47, a pharmaceutically ..-a.... \.n.. -y. . . 
equivalent fonnulatio-n.to-S-k~~~~--w~slightly slower than the in-vitro 
dissolution of_S,kela~~~-~~~,~.G.~~~~, using the dissolution method for 
release, However, the in-vivo evaluation found metaxalone Lot #- @&8Q3&?. 
to have a higher Cmax and..AUC than S”kg~~-~~-Lo~~#.~~~3~~~~~~~~*~~ 
in-vitro dissolution using the dissolution method for release was not predictive 
of in-v&o performance for the pharmaceutical equivalents evaluated i-n. this _ 
study. 

Evaluation of alfernafive .@issq[q,flon mef!todologies I ,. . . . L ._ “.,_.L.,J. 
The in-vitro di.ssolu@n using the dissolution method for release (USP II, . _ a-. 
Erpm, IOOOml water with ?%SLS) was not predictive of the in-vivo 
performance of Skolaxin and two pharmaceutically equivalent products (Lot # 

.,,%6580004O,.anld~-~~8~Q~?). Figures 5 and 6 summa&e the in-vitro and in: _ _ 
vivo performance. of these..tQ_~~!~~~~CIS,.. . _ ., ,. 
The in-vitro and in 
studies. Metax&p2 
showed a loss in bi 
# BB5800047 w&s ,s_lpwer in-vit~,&~~w~~uperbioavailable in- .-II -..G.v 
vivo compared to Skelaxin. 
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. . _.__. __ ___-_ _. . 

‘Figure 6 
Ill-VhmDota 

The in-vitro performanc;e~f.S~~.!~~~~~~~~e pharmaceutically equivalent 
metaxal0ne.f~r~&&$s were evaluated using an-aRemaW dk&!4&2lr,. .+.-_.__ I _ _ ,, _. __ .( . _ ._ 
medium, (5OOml water .w~~‘%~~@ti %$i@!j @&%%%SelS) 
to’cJetennine if this d@@@Qfi system might be capable 0f predicting the in- 
viva perfonnance‘0f.!k&~ 
considered less severe in ,., I ,d., 0‘ _. I,-,.- .., “._. . .-/ “,ii... ._ 
the voiume.of mHia ~a$,..,.@~~r, which might bett$r refre? in-~~!+.G!zX!i!ion.s,. ,__ .-.‘“.~ .,._,_ ,,” 
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Summaty 
This data show.s that there-is&significant impact of both agitation and 
surfactant concentratioq on. the @~$q,,#,petaxalone from-ad& ..w’--~n,pl-<o 1ILI.+s.%...eCU..^... ...I -.c . .,./__ 
pharmaceutically equivalent met~a!onef~~~~~~n~~-,.~~~mpact of the 
dissolution conditions affectsthe t&@&rmulations differently. -rs--.ae%e.,.>*-.V;VC --I- Lot # 
BB5800047 was f&M to’.b_e~rnparable to Skelaxin.which...is not4!1e~,_~~,b~ _“_._ .,~. _‘,_ _ _ _ _ ._ ,_ 
vivo, while the dissolution of,L.o@~ @B5800040 better-reflected. the in-viva -- , -- I--.~u.r-.-L-~~~*~rC.E-~*__-il..~~~,~.’ -.W~C-,i-? /__: AIL I..-,_,, i 
performance. 

.‘,.:.-,&,,~-,- &.1: 

Conclusions 
The data presented jndicates thatJn+itro dissolution using standard - . . ..-.....Al.” -.-. r^-rw.,...i&r*-.i 
dissolution m-e.t&&&_ng$ predictive .of.Win+&o performance for 
pharmaceutically equivalent fo.~ula~.ons-o~~~~~~~~, the slowly dissolving IR 
solid dosage form of the poorly soluble drug metaxalone. In addition, altering 
the dissolution, ~ndj~on&,&gfi~parative performance of these 
formulations. As dissolution appears to be dependent on formulation or 
process paramet,e.t-e, dissolution cond.itt.ns.th&&z&.&@~&q+!,&$& .C”-=-“.-rrms-ww+.,+4.~.“~. . . 
correlation for these fort~~&#q~s, might not be appropriate for predicting the 
in-vivo performance of alternative fo.rtTr-~a~~~,TJbd~forr provides 
compelling evidence that in-Yi~Q,~issolu~~be~asurrosate of 
in-vivo performance for pharmaceutical equivalents of Skelaxin. 


